GTBP is one of the functional homologues of the bacterial mismatch repair gene mutS, whose product forms a heterodimer with hMSH2 to bind to the mismatched region of double-stranded DNA. We determined the expression of the GTBP gene and found that two forms of the transcripts were ubiquitously expressed in normal human tissues. These transcripts, termed GTBP-N and GTBP-ALT, were generated by the alternative splicing machinery. These two transcripts share 3172 bp from the translation initiation codon that codes for 1057 amino acids. GTBP-ALT lacked a region that codes for a highly conserved region between GTBP-N, hMSH2, and hMSH3 in their C-termini.
Microsatellite instability (MI), an instability in simple repeated sequences, has been associated with hereditary nonpolyposis colorectal cancer (HNPCC) as well as a considerable number of sporadic forms of cancer and multiple primary cancers. 1 " 7 This behavior is thought to be caused by disruption of the mismatch repair (MMR) system, leading to increased rates of mutation, including those in genes that are associated with carcinogenesis. Germline mutations of the four MMR genes, hMSH2, hMLHl, hPMSl, and hPMS2, were reported to be responsible for HNPCC. 8 " 12 However, the possibility that genes other than these four is also responsible for HN-PCC still remains an open question. Recent investigations have revealed that these four MMR genes were infrequently mutated in sporadic forms of cancers as well as in multiple primary cancers with MI+. 13 " 18 Thus, it is of great interest to investigate the possible existence of: (i) unidentified MMR genes in the human genome, (ii) unidentified protein products of the known MMR genes, or (iii) molecular mechanisms other than mutation of the MMR genes that cause the MI+ phenotype. GTBP was cloned as a member of the MMR genes that code for a protein which binds to mismatched region of double stranded DNA, particularly G/T mispairs, in association with hMSH2. 19 " 21 Somatic mutations of GTBP were reported in some primary tumors and cell lines of genetically unstable colorectal cancer. 21 However, the precise function of GTBP is not yet completely understood. In the present study, we analyzed the structure and expression of the GTBP gene. Initially, we screened an oligo dT-and random-primed human fetal brain cDNA library (Clontech, Palo Alto, CA), and obtained two types of clones. The predicted amino acid sequence of one type, which we named GTBP-N, was identical with that reported by Palombo et al. 20 The other type, which we named GTBP-ALT, had a different nucleotide sequence in the 3' portion from the 3173rd nucleotide (the second nucleotide of codon 1058) from the initiating codon (ATG), and a termination codon (TGA) was found 33-35 bp downstream from the point of divergence (see Fig. IB ). The predicted protein structures of GTBP-N and GTBP-ALT are illustrated in Fig. 1C . None of the clones of the GTBP-ALT harbored the poly(A) tail, and an Alu repeat was found to be located in the opposite direction with a poly(A32) stretch in the 3'-noncoding region of GTBP-ALT.
To analyze the genomic structure of GTBP, cosmid clones were isolated and the exon-intron structure was determined. After a comparison of the genomic sequence with that of the cDNA, we found that the divergent point of the two transcripts of GTBP-ALT and GTBP-N were at the end of exon 4 as indicated in Fig. IB . The exonintron structure is illustrated in Fig. 1A .
Expression of GTBP was also analyzed by Northern hybridization with multiple tissue Northern blot membranes purchased from Clontech (Palo Alto, CA). Probes ALT and N, as indicated in Fig. 1A , were used. Expression of the /3-actin gene was monitored as the internal control. The results are shown in Fig. 2 
CTGTTTGCCA GCTGTATATT ATCCCTAAAA ATAAGTAATA AGGTATATAT GGTACATATT 3276 expressed, but the expression of the GTBP-N was higher than that of the GTBP-ALT. Two additional faint bands were observed at 7.3 and 9.0 kb when probe N was used. Acharya et al. 22 also detected the 7.3 kb band, but not the 9.0 kb band. However, the probe they used was not clearly described in their manuscript. As these 7.3 kb and 9.0 kb bands were fainter than the 4.4 kb band, there are three possible explanations: (i) these are transcripts of a distinct gene(s) of high similarity, (ii) these are unknown alternatively spliced transcripts of the GTBP gene with a lower expression level, or (iii) one of the two additional transcripts is from a distinct gene of high similarity, and the other is an unknown alternatively spliced transcript of the GTBP gene with a lower expression level.
To clone and characterize the 3' end of the GTBP-ALT transcript, we performed 3'-RACE. 23 The nucleotide sequences of the RACE clones were determined and GTBP-ALT was found to have two polyadenylation sites resulting in 848 bp and 859 bp of the 3' noncoding sequences with one poly (A) signal (data not shown). The results of 3'-RACE were in good agreement with Northern analysis. Hence, the GTBP-ALT transcript consists of four exons (see Fig. 1A) .
In this study, we found an alternatively spliced transcript of GTBP. This transcript is widely expressed in normal human tissues. This novel transcript would generate a smaller protein sharing 1057 amino acids at the N-terminal portion with 11 novel amino acids at the C-terminus. The C-terminal region of GTBP-N is highly homologous with those of hMSH2 9 ' 10 and hMSH3 (also called DUG). 24 The GTBP-ALT protein lacked the highly conserved C-terminal region. Thus, this region may be crucial in differentiating the functions of the two alternative forms of the GTBP proteins.
Alternative splicing of the MMR genes in normal human tissues has also been reported in hMLHl 25 and hMSH2. 26 ' 27 In hMLHl, three types of transcripts were detected in addition to the major type; two of them produced truncated proteins, and the third was an in-frame deletion that lacked exons 9 and 10. In hMSH2, two types of transcripts that produced truncated proteins were detected in addition to the major type of transcript. However, the expression levels of these alternative forms of transcripts in these genes were much lower than those of the major type of transcripts. In GTBP, however, the expression level of the GTBP-ALTwas only slightly lower than that of the GTBP-N transcript. There are several possibilities explaining the production of the two forms of GTBP transcripts: (i) these alternatively produced isoforms of the GTBP protein are required as adaptations for different types of mismatches, (ii) these isoforms also play roles in the MMR system, i.e., one of the two GTBP isoforms works as a modifier or a modulator of the other isoform, or (iii) they have unknown functions outside the MMR system. Human homologues of yeast Pmsl, on the other hand, form a gene family consisting of hPMSl, hPMS2, and several hPMS2L (hPMS2-\ike) genes. 11 -28 ' 29 Thus, every human mismatch repair gene corresponding to a yeast major MMR gene has multiple forms of mRNA species transcribed from one gene or several. The questions arising in GTBP are also valid for other major human MMR genes. Further studies are necessary to understand the functions of the GTBP gene.
